Aim: This in vitro study evaluated the effect of using a dental hypersensitivity treatment on the bond strength to dentin of etch-and-rinse and self-etching simplified adhesive systems. Methods: 40 healthy molars were used. The crowns of teeth were removed at the dentinoenamel junction, and remaining roots were sectioned in the mesiodistal direction along their long axis, separating the buccal and lingual/palatal halves. The segments obtained were ground, keeping the buccal or lingual/palatal face turned downwards in order to flatten the surface and produce a standardized smear layer. Prepared specimens were randomly distributed into 4 groups (n=10), according to the combination of surface treatment with the desensitizing dentifrice Colgate Sensitive Pro-Relief (Colgate Palmolive ® ) (test group -with dentifrice and control group -without dentifrice) and type of simplified bonding agent (etch-and-rinse and self-etching agents). Resin composite blocks were fabricated on the dentin surfaces, after application of bonding agents, and specimens were sectioned into rectangular stick-shaped specimens with cross-sectional area of approximately 0.8mm 2 . For microtensile bond strength tests, 4 sticks were randomly selected from the central region of specimens, and fixed to a universal test machine. Data were analyzed statistically by the Mann-Whitney U test (a=0.05). Results: The bond strength obtained in the group without desensitizer (control) + etch-and-rinse agent was significantly higher compared with the other groups. Under both experimental conditions, the self-etching agent showed weak bond strength to dentin. Conclusions: Change in the dentin substrate by obliteration of tubules in the process of relieving dentinal sensitivity could reduce the bond strength of simplified etch-and-rinse and self-etching bonding agents.
Introduction
Dentinal hypersensitivity is defined as a transitory pain arising from exposed dentin, typically in response to chemical, thermal, tactile or osmotic stimuli, which cannot be attributed to any other form of defect or dental pathology 1 . Many stimuli known to cause pain on the dentin surface cause the displacement of fluids inside the tubules, which is responsible for the increase in the mechanical stimulation of the dentinal nerve fibers, the A-fibers of the pulp wall 2 . This common clinical condition has a challenging treatment given its complex etiology 3 . Brännström and Aström 2 (1964) observed absence or extensive reduction in the layer of odontoblasts below the exposed dentin in the presence of hypersensitivity, and formulated the hydrodynamic theory. This theory assumes that a stimulus applied on the dentin surface causes movement of the tubular fluid, which in turn activates mechanoreceptor nerves, causing pain and discomfort. Consequently, it is assumed that if the functional radius of open dentinal tubules diminishes, the permeability would also decrease, thereby reducing dentin sensitivity 4 . Nonetheless, episodes of tooth hypersensitivity can also occur in the absence of exposed dentin. For this reason, complementary theories have been formulated in order to explain such condition. In a previous study, it was proposed that the pain was not due solely to hydrodynamic receptors that were sensitive to fluid flow inside dentin. Dentin deformation on pulp surface induced by thermal stimuli may also trigger nerve impulses 5 . The diagnosis of dentinal hypersensitivity must associate the data of anamnesis with the clinical aspects, so that clinical situations with similar symptoms can be discarded. Currently, one of the main causes of dentin hypersensitivity is the presence of non-carious cervical lesions (NCCLs) [6] [7] . Such lesions are characterized by the loss of tooth structure at the cementoenamel junction level, and are usually related to the combined effects of erosion, abrasion and abfraction (flexural stress) 7 . The options for the treatment of hypersensitivity include both invasive and non-invasive procedures. Non-invasive treatment involves the application of topical agents and dentifrices that contain active desensitizing agents 4, [8] [9] [10] [11] . These are considered simple, low costing and efficient approaches as the first line of treatment for the majority of patients. Moreover, the use of different types of lasers in the treatment of dentin hypersensitivity has been reported, with wide variation in their effectiveness, depending on the used type of laser and parameters [11] [12] [13] . Invasive procedures may include gingival surgery, adhesive restoration or pulpectomy 11 . The restoration of NCCL, especially the ones related to abfraction, is usually considered in order to prevent further progression, protect against pulp exposure and tooth fracture and improve aesthetics 14 . However, adhesive restorations placed at cervical regions are at a higher risk of failure due to continuous presence of abrasive, erosive and tensile stresses. Also, one still controversial question concerns the effectiveness of the adhesive procedure after performing desensitizing procedures with agents that obliterate dentin 13 . It is known that the mechanisms of bonding to dentin vary according to the type of the used adhesive system 11, 15 . In addition to different bonding mechanisms, etch-and-rinse and self-etching agents may also present variable effectiveness on dentin substrates, and there are reports that the latter are less affected by the regional variation in dentin 16 . Since desensitizing dentifrices may act modifying dental surfaces, the working hypothesis of the present study is that such surface modification would negatively impact on dentin bonding. Thus, the purpose of the present study was to evaluate the effect of the use of a hypersensitivity treatment on the bond strength to dentin of etch-and-rinse and selfetching simplified adhesive systems.
Material and methods
Forty sound third molars were obtained after the research project's approval by the instructional Ethics Committee (Protocol No. 153/10) and were stored in 0.1% thymol solution for use within 6 months of extraction.
The tooth crowns were removed at the cementoenamel junction using a double-faced flexible diamond disk (#7020, KG Sorensen, Cotia, SP, Brazil) at low speed and under constant water cooling. The roots were sectioned in a mesiodistal direction along their long axes, separating the buccal and lingual/palatal halves. The segments obtained were ground wet onto abrasive papers grits #400 and #600 in a polishing machine (Aropol 2V, Arotec S.A Industria e Comércio, Cotia, SP, Brazil), keeping the buccal or lingual/ palatal face turned downwards in order to flatten the surface and produce a standardized smear layer.
The adhesive systems and desensitizing dentifrice selected for the study, their modes of use, compositions and manufacturers are described in Table 1 
Application of desensitizing dentifrice
The dentifrice was applied in the dentin surfaces of Groups 3 and 4, using a disposable applicator tip, with smooth, rubbing movements for 1 min. After this period, surfaces were carefully washed with distilled water. The procedure was repeated twice a day with 12 h intervals, totaling 24 applications, simulating use for 12 days. After simulation of the desensitizing procedure, the specimens were stored in distilled water a 37°C for 24 h, until the restoration process was performed.
During the time required to perform the desensitizing protocol in Groups 3 and 4 (12 days), the surfaces of control groups 1 and 2 were kept in distilled water at 37°C to standardize the water storage time of specimens in all groups. 
Restorative procedure
In the four groups, the adhesive systems were applied according to the protocol recommended by the manufacturers (Table 1) . After the respective adhesive procedures, a resin composite block (5x5x4 mm) (Filtek™ Z250, 3M ESPE, St. Paul, MN, USA) was constructed on dentin surfaces. The resin composite was applied in 2 mm horizontal increments, each one light activated for 40 s.
Microtensile bond strength test
Twenty-four hours after the adhesive procedures, each specimen was taken to a precision sectioning machine (Elsaw, ElQuip, São Carlos, SP, Brazil), with a diamond disc, and sections were obtained at 1.2 mm intervals ,perpendicular to the bonded interface. Thus, rectangular stick-shaped specimens were obtained, with a cross-sectional area of approximately 0.8 mm 2 . The section area of each specimen was measured with a digital caliper after fracture in order to calculate the bond strength. The sticks were stored in distilled water until the moment of the bond strength test.
For the microtensile test, four sticks from the center of each specimen were randomly selected. Using a cyanoacrylate esterbased adhesive (Loctite ® Super Bonder ® Flex Gel; Henkel Ltda, Itapevi, SP, Brazil), the specimens were fixed to the microtensile appliance, which was coupled to a universal test machine (EMIC DL 10000, EMIC Equipamentos e Sistemas de Ensaio Ltda, São José dos Pinhais, PR, Brazil). The tensile load was applied perpendicular to the bond interface at a crosshead speed of 0.5 mm/min until the bond rupture. The values expressed by the machine in kgf were converted into MPa.
Statistical analysis
Premature failures during specimen preparation for the microtensile test were considered to be zero MPa in order to avoid overestimating bond strength values. After an exploratory analysis for data homoscedasticity and normality, results were subjected to non-parametric analysis, using the Mann-Whitney test for comparison between the main factors: surface treatment with the desensitizing agent and type of adhesive system. Nonparametric analyses were made since the data did not fullfil the criteria for parametric tests. Statistical analysis was performed using the BioEstat software, version 5.0 program, at a significance level of 5%.
Results
In the group in which dentifrice was applied and the restoration was made using the adhesive GO, all specimens were lost due to early failure. The results of the microtensile bond strength test in the groups are presented in Table 2 .
According to the statistical analysis, the bond strength obtained with the etch-and-rinse agent Single Bond 2 was significantly higher compared with the selfetching system GO, under both control (p=0.002) and test conditions (p=0.04). For both adhesive systems there was significant difference between the experimental conditions, with the lowest bond strength values found in the test condition (Adper Single Bond 2 -p=0.04 / GO -p=0.002).
Discussion
Dentinal tubule sealing with desensitizing agents that act by obliterating the tubules, before the use of adhesive materials, may be an important preventive method for the relief of dentin sensitivity, indicated for hypersensitive regions with loss of dental structure and needing restoration, such as some NCCLs. However, there have been reports that the desensitizing agents may make it difficult for the adhesive system to infiltrate, and consequently hybridize the dentin, leading to lower bond strength, and contributing to gaps at the bonded interface in the areas of stress 13, 17 . The agent used in this study (Colgate Sensitive Pro-Relief) induces the formation of a biological material in which arginine is combined with calcium carbonate. This association between arginine and calcium provides an alkaline environment that encourages endogenous calcium and phosphate ion deposition and occludes the dentinal tubules 10 . In the present study, the working hypothesis was that the change in dentin promoted by the desensitizing agent would result in variations in the effectiveness of simplified adhesive systems. According to the obtained results, it was verified that both the etch-and-rinse and self-etching system presented lower bond strength when the dentin surface was changed by the use of desensitizing dentifrice.
Another study 13 analyzed the influence of other desensitization procedures (HEMA/glutaraldehyde, potassium oxalate and low level laser therapy) on the bond strength to dentin. According to the authors, the specimens treated with dentin desensitizers presented significantly lower bond strength than the non-treated specimens, with the exception of those treated with the HEMA/glutaraldehyde-based agent.
The tubular occlusion produced by the biological material containing arginine and calcium carbonate might be a reason for the lower bond strength found in the test groups of the present study. This tubular occlusion was verified in a previous study 10 , which, by electronic spectroscopy, observed arginine inside the occluded dentinal tubule. In addition, the interference of desensitizing agents in bond strength to dentin may occur as a result of the neutralization of acid etching by the deposits formed on the treated substrate, consequently inhibiting the formation of an efficient and uniform hybrid layer 18 . In this study, the hypothesis that simplified agents of the etch-and-rinse and self-etching type acted in a distinct manner on the dentin substrate either treated or not with desensitizing dentifrice was also tested. A previous study indicated that adhesive systems that use previous acid etching are apparently more sensitive to the regional differences in dentin than the self-etching ones 16 . However, according to the results obtained in this study, the etch-and-rinse agent presented significantly higher bond strength than the selfetching system under both experimental conditions. These findings agree with the ones of a recent clinical trial 6 , in which authors tested the use of different adhesive systems to restore NCCLs. According to their evaluation, restorations placed with the use of an etch-and-rinse agent showed higher retention rates than the ones placed with an all-in-one adhesive system.
Removal of the smear layer and opening of the dentinal tubules by means of complete acid etching allow free diffusion of the adhesive agents and may contribute to the bond effectiveness of etch-and-rinse adhesive systems. This mechanism, added to the characteristics of the simplified etch-and-rinse adhesive used in this study, may justify its higher bond strength under both experimental conditions. The Adper Single Bond 2 adhesive system has 10% of filler nanoparticles by weight in its composition. According to a previous study, the presence of fillers may be important to strengthen the adhesive layer and to guarantee an adequate thickness over the hybrid layer, protecting it against stresses
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. Nevertheless, it is important to point out that this type of bond mechanism may increase the potential for dentin sensitivity and pulp irritation if perfect dentin sealing does not occur in the previously etched area 20 . Shirai et al. 21 , compared versions of simplified adhesive systems in different cavity configurations submitted to aging. According to the authors, under all the evaluated experimental conditions, the simplified self-etching system had lower bond strength than the others. This result may be justified in various ways. For example, the inhibition of composite polymerization by the acidity of this type of adhesive system; incomplete wetting; thickness of the adhesive layer; phase separation between the hydrophilic and hydrophobic components and greater sensitivity to hydrolysis 15, 19, 21 . Considering the lower bond strength and greater number of premature failures obtained with the simplified self-etching system, it could also be speculated that the greater deposition of minerals promoted by the application of the desensitizing agent may have diminished the adhesiveness of the substrate to these types of bonding agents, as occurs in areas of tooth enamel and of hypermineralized dentin at NCCLs 6, [22] [23] . Sudies on the use of self-etching agents on enamel indicated the need for acid etching before the application of these adhesive systems; and some manufacturers have now included this modification of technique in their instructions for use. Thus, further studies are required in order to define protocols for the use of self-etching systems on substrates treated with desensitizing agents that act by occluding the tubules or increasing the deposition of minerals.
The findings of the present study demonstrated that as occurs with the variability of dentin inside the cavities due to the presence of different types of substrates (i.e., dentin sclerosis), the modification of dentin by desensitizing agents might interfere negatively on the performance of adhesive systems. Currently, according to the limitations of the present Effect of a desensitizing dentifrice on the bond strength of different adhesive systems investigation, etch-and-rinse systems seem to be the best strategy to achieve adequate adhesive restorations, when dentin substrates have been changed by desensitizing agents. It is known that an ideal bonding agent should be effective irrespective of the regional characteristics of the structure of dentin. However, while such an agent is not developed, it is mandatory to know the morphophysiology of the tissues to be bonded, and the types of bond mechanism systems available in the market in order to obtain results with greater reliability and durability.
